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Ribosomal subunits were prepared from fungal spore ribosomes and reassociated 
to yield biologically active ribosomes. 
The dissociation of 8 0 s  ribosomes from eukar- 
yotic organisms into subunits and the reassocia- 
tion of these subunits into biologically active ri- 
bosomes has been reported (2, 5-1 1). In general, 
dissociation was achieved by incubation of the 
ribosomes in high KC1 concentrations (5, 7-11) 
or by incubation with puromycin (6). The puro- 
mycin is believed to cause "polysome run-off," 
so that the detached mono ribosomes are freed of 
messenger ribonucleic acid (mRNA) and pep- 
tidyl-transfer ribonucleic acid (tRNA), thus al- 
lowing the dissociation of the ribosomes into 
subunits. 
The predominate ribosomal peak in spores 
from the mycelial fungus, Botryodiplodia threo- 
bromae, was in the monoribosomal region (4), 
and hence these ribosomes may be relatively free 
of mRNA and peptidyl-tRNA. This note de- 
scribes the dissociation of these ribosomes into 
subunits and their subsequent reassociation into 
biologically active ribosomes. 
The preparation of the ribosomes was identical 
to that previously reported (4). except that the 
extraction buffer contained M magnesium 
acetate and 0.05 M NH4CI. The ribosomal pellet 
was suspended in 0.01 M tris(hydroxymethy1) 
aminomethane-chloride, p H  7.5; 0.05 M NH4CI; 
and M magnesium acetate (standard buffer). 
Figure 1 demonstrates the effect of four magne- 
sium acetate concentrations on the dissociation 
of the ribosomes. Complete dissociation into 3 6 s  
and 6 0 s  subunits occurred at 3 x lo-' M magne- 
sium acetate. 
For preparative purposes, the magnesium ace- 
tate concentration of the ribosomes was diluted 
to 3 x lo-' M before placing on 10 to 35% linear 
sucrose gradient columns. The subunits were col- 
lected, diluted with an equal volume of standard 
buffer containing 3 x M magnesium acetate, 
' Published with the approval of the Director as Paper no. 
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and pelleted by centrifugation at 133,000 x g for 
5.5 hr. The 6 0 s  subunit fraction was recycled a 
second time through sucrose gradient columns 
equilibrated with standard buffer at 5 x lo-' M 
magnesium acetate to obtain clean subunits. 
The two subunits immediately reassociated at  
4 C to form a normally sedimenting monoribo- 
some when the magnesium acetate concentration 
was increased to 8 x M. Analysis of the 
R N A  obtained from the 3 6 s  and 60s subunits 
revealed very little cross contamination of the 
subunits (Fig. 2). 
The transfer of phenylalanyl-tRNA into poly- 
phenylalanine was also completely dependent on 
the presence of both subunits (Fig. 3). The char- 
acteristics and optimal conditions for transfer 
activity (Table 1) were very similar to  those pre- 
viously reported for native ribosomes (12). 
Since the native ribosomes were always two to 
three times more active than the reassociated 
ribosomes, experiments were conducted to deter- 
mine if one of the subunits was responsible for 
this decreased activity. Based on the A at 254 
nm of the R N A  extracted from the native ribo- 
somes, there was a ratio of approximately 2.2: 1 
of large subunit to small subunit (Fig. 2A). The 
small subunit was held at a concentration of 0.3 
A,, units, and increasing concentrations of the 
large subunit were added. Transfer activity in- 
creased until the ratio of large subunit to small 
subunit was about 4 :  1, thus indicating that the 
6 0 s  subunit was at least partially responsible for 
this loss in activity. 
The present experiments indicate that fungal 
spore ribosomes can be dissociated into subunits 
and reassociated into biologically active ribo- 
somes by using very mild procedures. With the 
development of techniques for the preparation of 
biologically active subunits from 8 0 s  ribosomes, 
some of the elegant experiments which have been 
conducted with bacterial ribosomes may also be 
possible with ribosomes from eukaryotic orga- 
nisms. 
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FIG. 2. Sedimentation pattern of ribosomal R N A  M rris(hydroxymerhyl)aminomerhane-chloride (pH 9.0); 
from spore ribosomes and ribosomal subunits. Centri- 1% sodium dodecyl sulfate; lo-' M erhylenedia- 
fuged on sucrose "linear log" gradient columns (3)  minetetraceric acid; 0.2 M NaCl; and 100 pg of 
equilibrated wirh 0.15 M NaCl and 0.015 M sodium cir- bentonitelm1 for I hr and then layering this mixture 
rare (pH 7.0). Brome mosaic virus and tobacco mosaic directly on rop of rhe gradienr columns. ( A )  Sample 
v i m  R NA species were wed as markers for deter- was equivalent to 45 pg of R NA from the native ribo- 
mining the sedimentation constants of the ribosomal some. ( B )  Sample was equivalent ro 19.4 pg of R N A  
RNA species. The ribosomal R N A  was analyzed after from the small subunir. ( C )  Sample was equivalent to 
srripping the ribosomes ofprotein by incubarion in 0.01 35 pg of R N A  from rhe large subunit. 
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FIG. I .  Efject of four magnesium acetate concenrrarions on the dissociarion of fungal spore ribosomes. Ribo- 
some samples on each gradient column were equivalent to abour 45 pg of ribosomal R N A .  Centrifuged on sucrose 
"linear log" gradient columns (3)  equilibrated wirh srandard bufjer at rhe magnesium acetare concentrations 
shown. The sedimentation constanrs of the subunirs were obtained by wing Escherichia coli ribosomal subunirs as 
markers. The direction of sedimentarion is from right ro left. 
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TABLE I. Eflect of various ingredients in the assay 
mixture on the transfer activity of the reassociated 
ribosomes 
Assay mixture Counts/ Pe6cyent 
mine 
control 
Completeb . . . . . . . . . . . . . . . . . . .  2.491 - 
Minus enzyme . . . . . . . . . . . . . .  0 0 
Minus magnesium acetate . . . .  102 4.1 
Minus spermine.  . . . . . . . . . . . .  442 17.8 
Minus euanosine trivhosvhate . 36 1.4 
- . . 
Minus NH,CIc . . . . . . . . . . . . . .  17 0.7 
. . . . . .  Minus polyuridylic acid 0 0 
Complete plus 100 pg of chloram- 
phenicol . . . . . . . . . . . . . . . . .  2,540 102 
Complete plus 50 pg of cyclohexi- 
mide . . . . . . . . . . . . . . . . . . . .  1,420 57.6 
Complete plus 50 pg of puromycin 1,525 61.3 
" Figures represent counts per minute per assay after 
30-min incubation. 
The standard assay in 0.5-ml quantities contained 
25 pmoles of ammonium maleate @H 6.5); 4 pmoles 
of magnesium acetate; 1 pmole of guanosine triphos- 
phate; 20 pg of spermine; 1.5 pmoles of 2-mercapto- 
ethanol: 6 0  pg of polyuridylic acid; 250 pg of 105,000 x 
g supernatant protein (12): 10,000 counts/min of "C- 
phenylalanyl-tRNA (12); 0.3 and 0.6 A,,, ., units of 
the small and large subunits fractions, respectively. The 
reaction mixtures were incubated a t  37 C; 0.05-ml frac- 
tions were taken a t  various time intervals, placed on 
filter paper discs. and then processed a s  described by 
Bollum ( I ) .  
'' Assay conducted in Tris-maleate buffer, pH-6.6. 
ACKNOWLEDGMENTS 
I thank M. K. Brakke for providing the marker virus RNA. 
The technical assistance of R. Koski. H. Roker, and C. Gong 
is gratefully acknowledged. 
This investigation was supported by Public Health Service 
grant A108057 from the National Institute of Allergy and 
Infectious Diseases. 
LITERATURE CITED 
I. Bollum, F. J .  1968. Filter paper disc techniques for as- 
saying radioactive macromolecules. p. 169-173. In L. 
Grossman and K. Moldave (ed.). Methods in enzymol- 
ogy, vol. 12B. Academic Press Inc., New York. 
2. Bonanou. S. A,. and H. R.  V. Arnstein. 1969. The reasso- 
ciation of fractionated rabbit reticulocyte ribosomal 
subunits into particles active in polyphenylalanine syn- 
thesis. FEBS Letters 3:348-350. 
3. Brakke. M. K., and N. Van Pelt. 1970. Linear-log sucrose 
gradients for estimating sedimentation coefficients of 
plant viruses and nucleic acids. Anal. Biochem. 3856- 
64. 
4. Brambl, R. M.. and J.  L. Van Etten. 1970. Protein syn- 
thesis during fungal spore germination. V. Evidence that 
the ungerminated conidiospores of Borryodiplodia rheo- 
bromae contain messenger ribonucleic acid. Arch. 
Biochem. Biophys. 137:442-452. 
5. Dickman. S. R.. and E. Bruenger. 1969. Purification and 
properties of dog pancreas ribosomes and subunits. Bio- 
chemistry 8:3295-3303. 
6. Lawford. G. R. 1969. The effect of incubation with puro- 
mycin on the dissociation of rat liver ribosomes into ac- 
tive subunits. Biochem. Biophys. Res. Commun. 37:143- 
150. 
7. Martin, T. E.. F. S. Rolleston. R.  B. Low, and I. G. Wool. 
1969. Dissociation and reassociation of skeleton muscle 
ribosomes. J. Mol. Biol. 43:135-149. 
8. Martin. T. E.. and I. G. Wool. 1968. Formation of active 
hybrids from subunits of muscle ribosomes from normal 
and diabetic rats. Proc. Nat. Acad. Sci. U.S.A. 60569- 
574. 
9. Martin. T. E.. and I. G. Wool. 1969. Active hybrid 80s 
particles formed from subunits of rat. rabbit, and proto- 
zoan (Terrahymena pyriformis) ribosomes. J. Mol. Biol. 
43:151-161. 
10. Rao, P.. and K. Moldave. 1969. Interaction of polypeptide 
chain elongation factors with rat liver ribosomal sub- 
units. J. Mol. Biol. 46:447-457. 
I I .  Terao, K.. and K. Ogata. 1970. Preparation and some 
properties of active subunits from rat liver ribosomes. 
Biochem. Biophys. Res. Commun. 38.80-85. 
12. Van Etten. J .  L., and R. M. Brambl. 1969. Protein syn- 
thesis during fungal spore germination. 111. Transfer ac- 
tivity during germination of Botryodiplodia rheobromoe 
spores. Phytopathology 59:1894-1902. 
